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Diatoms, dinoflagellates and brown algae, the principal autotrophic organisms 
of the sea, contain chlorophyll a, chlorophyll c (Strain and Manning, 1942a; Strain 
et al, 1943) and complex mixtures of yellow pigments. These yellow carotenoid 
pigments, which appear to play a role in photosynthesis (Dutton and Manning, 
1941) , have now been investigated by means of the highly selective chromatographic 
adsorption method. They have been compared with similar xanthophylls and 
carotenes from other sources such as leaves, flowers, and sea-anemones. 

In the past seventy-five years. there have been many investigations of the 
carotenoid pigments of diatoms and of brown algae. /?-Carotene is the principal 
carotene and fucoxanthin is the principal xanthophyll (Palmer, 1922; Kylin, 1927; 
Walker, 1935; Heilbron, 1942). One or two additional fucoxanthin-like xantho¬ 
phylls (Kylin, 1927; Montfort, 1940; Seybold and Egle, 1938; Seybold et al, 1941 ; 
Handke, 1941) have been regarded as native pigments (Kylin, 1927), as oxidation 
products of the principal fucoxanthin (Heilbron and Phipers, 1935; Kylin, 1939) 
or as interconvertible fucoxanthin isomers (Strain and Manning, 1942b). Other 
xanthophylls reported in brown algae are: fucoxanthophyll (Tswett, 1906a), 
xanthophyll or lutein (Palmer, 1922; Kylin, 1927; Heilbron, 1942; Montfort, 1940; 
Seybold and Egle, 1938; Seybold et al, 1941 ; Handke, 1941 ; Heilbron and Phipers, 
1935; Kylin, 1939; Willstatter and Page, 1914; Carter et al, 1939; Pace, 1941), 
phvllorhodin or zeaxanthin (Kylin, 1939), cryptoxanthin and isolutein (Pace, 
1941). Phylloxanthin, first reported both in brown algae and in leaves of higher 
plants, was found to be similar to the violaxanthin of pansy flowers (Kylin, 1927; 
1939; Heilbron, Parry and Phipers, 1935). Zeaxanthin has also been regarded as 
a post-mortem product of brown algae (Heilbron and Phipers, 1935). Additional 
xanthophylls of diatoms have been reported as xanthophyll or lutein (Carter et al, 
1939; Palmer, 1922; Kylin, 1927; Heilbron, 1942; Montfort, 1940; Seybold and 
Egle, 1938; Seybold et al, 1941; Handke, 1941; Pace, 1941), zeaxanthin, crypto¬ 
xanthin and isolutein (Pace, 1941). 

There have been few investigations of the xanthophylls of dinoflagellates. The 
principal xanthophyll, called peridinin (Schiitt, 1890; Kylin, 1927; Seybold et al, 
1941), resembles the pigment sulcatoxanthin subsequently isolated from sea- 
anemones (Heilbron, Jackson and Jones, 1935). Another pigment of dinoflagel¬ 
lates is similar to the strongly adsorbed xanthophylls prepared from higher plants 
(Kylin, 1927; Strain, 1938a). The presence of lutein (xanthophyll) has also been 
reported (Seybold et al, 1941). 
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Experimental 

Plant material. Brown algae were collected on the rocky reefs near Half Moon 
Bay, California. They were: Fucns fnreatus, Hesperophyeus Harvcyanus, Pel- 
vetiopsis limitata. Cystoseira Osmundacca, Laminaria Andersonii, Ptcrygophcra 
californica, Egrcgia Mcnziesii, Macrocystis integrifolia, Nereocystis pyrifera. 

Two colonial diatoms collected in quantity at the seashore were Navicula tor- 
qitatum and Isthmia nervosa. Other diatoms, grown in pure culture or in unialgal 
culture, included Nitzschia closterium, Nitzschia palca, Stephanopyxis turns and 
Thalassiosira gravida (Strain and Manning, 1942a; Strain et al, 1943). 

A fresh-water dinoflagellate, Pcridinhnn cinctnm (Strain et al, 1943), and a 
fresh-water yellow-green alga, Tribonema bombycimtm, were found growing in a 
high state of purity as natural “blooms.” A small, unicellular, brown colored alga 
was obtained in great concentration from the tentacles of the large, common, Pacific 
Coast sea-anemone Bunodactis ( Cribrina ) xanthogrammica (Strain et al, 1943). 
The amounts of algal material employed for preparation of the xanthophylls varied 
from 1 or 2 gm. of the centrifuged unicellular algae to 15 or 20 gm. of the brown 
algae. Only fresh, living algae were utilized. 

Extraction of pigments. Absolute methanol containing about 0.5 per cent 
dimethylaniline was usually employed to extract the pigments from algae (Strain, 
1938b; Strain and Manning, 1942a; Strain et al, 1943). Alteration of the -chloro¬ 
phyll to products that were difficult to remove from the xanthophylls was retarded 
by extraction of the plant material at room temperature with such a large quantity 
of methanol that the total amount of water present was not over 2 to 5 per cent. 

Chromatographic behavior of pigments. Separation of the xanthophylls from 
the chlorophylls in extracts of many algae through use of saponification methods 
was not feasible, because some of the xanthophylls were altered by alkali. Parti¬ 
tion of the pigments between methanol and petroleum ether failed to remove alcohol- 
soluble chlorophyll e from the xanthophylls. Modifications of the chromatographic 
adsorption method were finally utilized for separation of the chlorophylls and caro¬ 
tenes from the xanthophylls and for further resolution of the xanthophylls and 
carotenes. 

No single adsorption procedure sufficed to separate all the algal pigments from 
one another. Many of the pigments were decomposed slowly by adsorption upon 
magnesium oxide. After partial separation of the pigments by adsorption upon 
columns of sugar, the incompletely separated, weakly adsorbed xanthophylls could 
be resolved further by adsorption upon columns of magnesia or by readsorption 
upon columns of sugar using mixtures of various solvents for development of the 
chromatograms. Under the different conditions, the relative positions occupied by 
the xanthophylls on the columns were often quite different (Strain, 1942a; 1942b; 
LeRosen, 1942). 

Chromatographic preparation of pigments. Pigments contained in the metha¬ 
nol extracts of algae were transferred to petroleum ether by the addition of this 
solvent and aqueous salt solution. The green petroleum ether solutions were 
washed with water to remove residual methanol, concentrated to about 40 ml. at a 
temperature never above 20°, and then filtered through adsorption columns of dry 
powdered sugar (Strain, 1942a; 1942b; Strain et al, 1943), usually 3 or 4 cm. by 
20 to 27 cm. In order to carry the last portions of the weakly adsorbed carotenes 


XANTHOPHYLLS AND CAROTENES OF ALGAE 


171 


below the other pigments, the columns were then washed with a little fresh petro¬ 
leum ether, followed by petroleum ether containing 0.5 per cent ^-propanol and 0.5 
per cent dimethvlaniline. 

For spectroscopic examination of the carotene mixture small portions of the 
percolates were evaporated to dryness at reduced pressure. The residual carotenes 
were dissolved in 95 per cent ethanol, and the absorption spectra of the solutions 
were determined. For further identification of the carotenes, the bulk of the 
petroleum ether percolates were extracted several times with very dilute hydro¬ 
chloric acid (0.5 per cent) which removed the dimethylaniline. The carotenes were 
then identified by adsorption upon a column prepared from a mixture of Micron 
Brand magnesium oxide No. 2641 and heat-treated diatomaceous earth (Filter Aid 
501) (Strain, 1938a; 1942b \. 

Continued washing of the sugar columns with petroleum ether containing 0.5 
per cent u-propanol caused the weakly adsorbed xanthophylls to separate from the 
chlorophyll a and from the strongly adsorbed xanthophylls and chlorophyll c. 
Resolution of the strongly adsorbed xanthophylls proceeded much more rapidly 
when petroleum ether with about 2 per cent n-propanol was subsequently used to 
develop the chromatogram. In order to accelerate the separation of the pigments 
and to avoid contamination of the resolved compounds with isomerization products 
that formed slowly, the weakly adsorbed and the strongly adsorbed xanthophylls 
were usually prepared rapidly on separate columns. For similar reasons, only 
freshly prepared extracts of the algae were utilized. 

Petroleum ether solutions of several different alcohols were tested as solvents 
for the separation of algal pigments adsorbed upon columns of sugar. The resolv¬ 
ing effect of aliphatic alcohols of various molecular weights was roughly equivalent 
to the amount of hydroxyl group that was present in the petroleum ether solution. 
Alcohols of higher molecular weight, such as amyl alcohol, produced slightly better 
separations of the pigments than alcohols of low molecular weight. At concentra¬ 
tions above 3 per cent, methanol tended to separate from the petroleum ether as a 
distinct phase in the adsorption columns. Alcohols of high molecular weight re¬ 
mained in solution, but they were difficult to remove from the petroleum ether by 
extraction with water and thus hindered further purification of the pigments by 
readsorption. 

Pigments separated upon the adsorption columns were often contaminated by 
trailing portions of the substances which had preceded them (Strain, 1942a). All 
pigment preparations were purified by readsorption under various conditions until 
superposable spectral curves were obtained. The small quantities of the readsorbed 
pigments and the lability of many of them precluded the use of purification pro¬ 
cedures involving crystallization. 

Determination of properties of xanthophylls and carotenes. The most useful 
properties proved to be partition betzvcen immiscible solvents such as aqueous 
methanol and petroleum ether, color reactions produced by strong acids such as con¬ 
centrated hydrochloric acid in the presence of ether, comparative adsorbabilities 
usually determined by adsorption upon Tswett columns of a mixture by the sub¬ 
stances to be compared (Strain, 1942b), and spectral absorption characteristics. 

Spectral absorption properties of the xanthophylls, determined with a photo¬ 
electric spectrophotometer (Smith, 1936), are plotted as the so-called characteristic 
absorption curves, the plot of log log (/„//) versus wave-length. Because of the 
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Figure 1 . Diatom pigments separated by adsorption upon a column of powdered sugar. 
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lability of the pigments, the small quantities obtained, and the presence of colorless 
concomitants, determination of the specific absorption coefficients was not feasible. 
Relative absorption values were always determined within a few hours after puri¬ 
fication of the pigments by adsorption. 

Results 

Xanthophylls of diatoms. All the diatoms yielded the same series of xantho- 
phyll pigments shown in Figure 1. However, different species showed significant 
variations in the relative amounts of the pigments. 



Figure 2. Characteristic spectral absorption curves of diatoxanthin, zeaxanthin, diadinoxan- 
tliin, luetin and neodiadinoxanthin. Solvent ethanol (95 per cent). 

Diatoxanthin, a new xanthophyll, formed a paler but distinctly more orange 
band than the pigment adsorbed above it. Purified by readsorption, diatoxanthin 
yielded the spectral absorption curve shown with the similar zeaxanthin curve 
(Strain, 1938a) in Figure 2. 

When dissolved in ether and treated with concentrated hydrochloric acid, dia¬ 
toxanthin did not yield colored products. A mixture of diatoxanthin and zeaxan- 
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thin (the latter from the calyx of PJiysalis alkckcngi) (Strain, 1938a) adsorbed from 
petroleum ether on a column of sugar and washed with petroleum ether containing 
one per cent methanol was resolved very slowly, zeaxanthin forming the lower band. 

Diatoxanthin, dissolved in 72 -propanol and heated on a boiling water bath for one 
hour, underwent reversible isomerization, yielding some neodiatoxanthm. This 
second pigment was more strongly adsorbed and formed a yellower band, on a 
column of sugar, than the unchanged diatoxanthin (petroleum ether with 0.5 per 
cent 72 -propanol as wash liquid). Spectral absorption maxima of neodiatoxanthm 
were less pronounced and occurred at wave-lengths about 6 m^u. shorter than those 
of diatoxanthin. By analogy with isomerization reactions of other carotenoid pig¬ 
ments (Strain, 1941 ; Polgar and Zechmeister, 1942), neodiatoxanthm probably rep¬ 
resents a labile modification of the polyene system present in the molecule, dia¬ 
toxanthin representing the stable or trcms configuration. 

In respect to color and position on the sugar columns, adsorbed neodiatoxanthm 
resembled the yellow band containing diadinoxanthin found next above the dia¬ 
toxanthin when pigments of diatoms were adsorbed (see Fig. 1). However, dia¬ 
dinoxanthin and neodiatoxanthm did not yield identical spectral absorption curves. 
When a mixture of the two pigments was adsorbed on a column of sugar (petro¬ 
leum ether plus 0.5 per cent 72-propanol as wash liquid), neodiatoxanthm was ad¬ 
sorbed above diadinoxanthin. 

Except for slight interconversion, neither diatoxanthin nor neodiatoxanthm was 
altered by a strong solution of potassium hydroxide in methanol. The behavior of 
these two pigments upon heating their solutions indicates that neither one is a labile 
isomer of zeaxanthin. Not more than traces of neodiatoxanthm or of zeaxanthin 
could have been present in the diatoms. 

Diadinoxanthin (see Fig. 1) resembled lutein in respect to its spectral absorp¬ 
tion (see Fig. 2) and color reactions. Readsorbed with lutein upon a column of 
sugar (petroleum ether with 0.5 per cent 72-propanol as wash liquid), the dia¬ 
dinoxanthin moved through the column only about two-thirds as fast as the lutein. 

As illustrated in Figure 1, the leading portion of the band of adsorbed dia¬ 
dinoxanthin became quite diffuse while the upper boundary of the band remained 
sharp and concentrated. This unique distribution of the pigment adsorbed on the 
column was observed after the diadinoxanthin had been purified in various ways. 
Spectroscopic properties of the pigment from the leading and trailing portions of 
the band were identical. Readsorption of each of these fractions upon fresh col¬ 
umns of sugar again yielded bands with diffuse leading portions. 

In solution in hot 72 -propanol, diadinoxanthin underwent rapid, reversible iso¬ 
merization yielding the similar, more adsorbed neodiadinoxanthin. Spectral ab¬ 
sorption properties of the two pigments may be compared in Figure 2. 

Fucoxanthin and its isomers (Strain and Manning, 1942b) contained in the 
extracts of diatoms moved slowly through the adsorption columns as indicated in 
Figure 1. Instead of the names suggested previously for the isomeric fucoxanthins 
(Kylin, 1927; 1939; Strain and Manning, 1942b), it is now proposed to call the 
principal isomer fucoxanthin, the other isomers ncofucoxanthin A and ncofucoxan- 
thin B in conformity with the nomenclature of isomeric carotenoid pigments intro¬ 
duced by Zechmeister and his co-workers (Polgar and Zechmeister, 1942; and inch 
refs.). 
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When the pigments were extracted quickly from diatoms and adsorbed on sugar 
from solution in petroleum ether containing 2 per cent 71-propanol, the same mix¬ 
ture of pigments was always obtained. Adsorption of the principal fucoxanthin 
isomer under these same conditions yielded only traces of the other two compounds. 
This indicated that all three fucoxanthins may he normal constituents of the diatoms. 

Interconversion of the three fucoxanthins proceeded rapidly in ethanol at 76° 
and slowly at 20°. Interconversion was accelerated by light and by substances 
upon which the pigments were strongly adsorbed, as for example by powdered glass 
or sugar when petroleum ether was used as solvent. This interconversion was also 
catalysed by iodine, hut when bases such as pyridine and dimethylaniline were not 
added to neutralize traces of hydriodic acid that were formed (Strain, 1941), other 
pigments were produced. About 90 per cent of the equilibrium mixture, obtained 
by heating a solution of any of the isomers, was the stable fucoxanthin. 

When dissolved in ether and treated with concentrated hydrochloric acid, each 
of the fucoxanthin isomers was converted into acid-soluble blue compounds. 
Treated with alcoholic potassium hydroxide the isomers formed pale yellow pig¬ 
ments that gave a blue color reaction with very dilute hydrochloric acid. The re¬ 
action with alkali proceeded in vacuum and in hydrogen as well as in air. 

In order to obtain consistent spectral absorption curves for the isomeric fucoxan¬ 
thins it was necessary to develop the chromatograms directly with petroleum ether 
containing 2 per cent ^-propanol and 0.5 per cent dimethylaniline and to work 
rapidly. With these precautions, the same spectral curves were obtained whether 
the pigments were prepared from the diatoms or by interconversion from any of 
the other isomers (see Fig. 3). Noteworthy is the presence of only one definite 
spectral absorption maximum in the curve of each pigment. The spectral absorp¬ 
tion curve of a petroleum ether solution of the principal fucoxanthin isomer, which 
is also shown in Figure 3, exhibits very distinct maxima, in sharp contrast to the 
curve for an ethanol solution. These spectral properties correspond to those of 
other carotenoid pigments that contain carbonyl groups in conjugation with the 
polyene structure in the molecule (Heilbron and Lythgoe, 1936). 

These results on the xanthophylls of diatoms are contrary to the numerous re¬ 
ports ( loc . cit.) that lutein is a constituent of these organisms. It is probable that 
diadinoxanthin may have been mistaken for lutein, and diatoxanthin may have been 
mistaken for zeaxanthin. 

Carotenes of diatoms. Five of the six diatom species investigated contained 
principally /^-carotene with only traces of other more adsorbed polyene hydrocar¬ 
bons. One species, Navicnla torquatum, contained the weakly adsorbed e-carotene 
in addition to /^-carotene (Strain and Manning, 1943a). 

Effect of light of various spectral qualities on the formation of xanthophylls in 
diatoms. Pure cultures of Nitzschia closterium which were grown continuously in 
light from fluorescent “snow white” tubular lamps exhibited a constant ratio be¬ 
tween the several xanthophyll pigments. When these cultures were placed in the 
red light from neon tubular lamps there was a gradual increase in the proportion 
of diadinoxanthin. After 20 days, when the culture had increased manyfold, the 
proportion of diadinoxanthin to other pigments was nearly twice as great as that in 
the cells grown in light from white fluorescent lamps. At this time the proportions 
between the other xanthophylls had changed very little. 


176 


STRAIN, MANNING AND HARDIN 


These experiments demonstrated that the proportions of the carotenoid pigments 
of this photosynthetically active organism vary in response to changes in the en¬ 
vironment. Whether this change results from variation in the rate of synthesis or 
degradation of the different pigments or whether it results from accelerated growth 
of a strain of the organism that contains different proportions of the xanthophylls 
is not yet known. 

Xanthophylls of brown algae. Adsorption of the pigments of brown algae upon 
columns of sugar yielded a series of bands similar to those obtained from diatoms 
except that there was much less yellow pigment between the fucoxanthin and the 
chlorophyll a. Traces of two pigments, adsorbed as pale, narrow bands above 



Figure 3. Characteristic spectral absorption curves of neofucoxanthin A, neofucoxanthin B 
and fucoxanthin dissolved in ethanol (95 per cent) and of fucoxanthin dissolved in petroleum 
ether. 


chlorophyll a , appeared to be the diatoxanthin and the diadinoxanthin separated 
from the extracts of diatoms. The relative amounts of these two xanthophylls 
varied in different extracts of the same organism and in different species of brown 
algae. In view of the very small quantities of these two xanthophylls and their 
apparent absence in many species, it is uncertain whether the pigments came from 
the brown algae themselves or from diatoms that might have contaminated them. 

When the pigments from brown algae were first adsorbed, a distinct yellow 
band usually appeared just below the orange fucoxanthin band. As the column was 
developed with petroleum ether containing propanol, this yellow band was often 
over-run by the orange fucoxanthin band. Under these conditions, the yellow pig- 
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meat, which exhibited spectral properties similar to those of violaxanthin, was ob¬ 
served again between the fucoxanthin and the neofucoxanthin B. If, however, the 
adsorbed pigments were washed with petroleum ether containing about 5 per cent 
acetone, the yellow band continued to advance ahead of the fucoxanthin, occasionally 
separating into two contiguous yellow bands. Pigment from the lower of these two 
yellow bands resembled the violaxanthin of leaves (Strain, 1938a), as is shown by 
the spectral absorption curves in Figure 4. Pigment from the upper yellow band 
exhibited a spectral absorption curve which (when corrected for absorption due to 
remaining violaxanthin) resembled the spectral curve of the flavoxanthin of leaves 



Figure 4. Characteristic spectral absorption curves of flavoxanthin and of violaxanthin from 
pansies, leaves and brown algae. Solvent, ethanol (95 per cent). 

(Strain, 1938a). This flavoxanthin-like xanthophyll occurred in such small quan¬ 
tities that it could not be compared in other respects with the similar pigment of 
leaves. 

The violaxanthin-like pigment from brown algae was found to be spectro¬ 
scopically identical with violaxanthin prepared from leaves and from pansy flowers 
as described below (Fig. 4). Violaxanthin preparations from the several sources 
were also chromatographically identical. Mixtures of these preparations were in¬ 
separable by adsorption upon columns of magnesia (petroleum ether with 25 per 
cent acetone as wash liquid) or by adsorption upon columns of sugar (petroleum 
ether with 0.5 per cent u-propanol as wash liquid). 
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Changes in the relative positions of violaxanthin and of fucoxanthin, first ob¬ 
served when extracts of brown algae were adsorbed upon columns of sugar with 
different solvents as wash liquids, have been obtained with highly purified prepara¬ 
tions of these two xanthophylls. With petroleum ether or with petroleum ether 
containing 5 per cent acetone as solvent, violaxanthin was adsorbed below fucoxan¬ 
thin. With petroleum ether containing 0.5 per cent ^-propanol as solvent, vio¬ 
laxanthin was adsorbed above fucoxanthin. Separated below fucoxanthin by 
adsorption from solution in petroleum ether containing acetone, violaxanthin grad¬ 
ually became adsorbed above the fucoxanthin when the column was washed with 
petroleum ether containing u-propanol. 

Fucoxanthin and its isomers separated from the brown algae were identical with 
those separated from the diatoms as indicated by identical spectral absorption 
curves, adsorbability, and color reactions. Pigments that were extracted rapidly 
from fresh algal material and adsorbed from petroleum ether containing 2 per cent 
n-propanol yielded all three isomers; hence, these three pigments probably repre¬ 
sent normal constituents of brown algae as well as of diatoms. 

When the pigments of brown algae were adsorbed from solution in petroleum 
ether containing 2 per cent ^-propanol, traces of xanthophylls with absorption 
spectra similar to that of neoxanthin from leaves (Strain, 1938a) were observed 
below and just above the fucoxanthin. Because of their weak adsorbability, neither 
of these pigments could have been neoxanthin. Their relations to other xanthor 
phylls of similar spectra (Fig. 6) were not established. Traces of a xanthophyll 
with spectral properties similar to those of dinoxanthin (vide infra ) were also 
observed on the column below the adsorbed fucoxanthin. 

Carotenes separated from the brown algae were composed principally of the 
beta isomer with traces of more adsorbed carotenes. Neither a-carotene nor 
e-carotene was observed. 

These results on the carotenoid pigments of brown algae support the early ob¬ 
servation of Tswett that fucoxanthophyll, the xanthophyll of these organisms, in 
addition to fucoxanthin, is different from xanthophyll (lutein) of leaves. They 
confirm the statement of Kylin (1927; 1939) that violaxanthin (phylloxanthin) 
is present in brown algae. They are in disagreement with the claims of Kylin and 
of many others, that lutein and zeaxanthin occur in many species of brown algae 
(some of which belong to the same genera as several of the species examined by 
us). In certain species of Laminaria and of Fucus, Heilbron and co-workers 
(Heilbron, 1942; Heilbron and Phipers, 1935; Carter et al, 1939) could not detect 
any xanthophylls other than fucoxanthin. 

Our observations both on diatoms and on brown algae support Kylin’s original 
statement (1927) and other recent claims (Montfort, 1940; Seybold and Egle, 
1938; Strain and Manning, 1942b) that the several fucoxanthins are normal con¬ 
stituents of the plant cells. They are at variance with Heilbron and Phipers’ con¬ 
tention that the additional fucoxanthin they observed is an oxidation product of the 
principal fucoxanthin. All these conclusions are difficult to reconcile with Kylin’s 
latest statement (1939) that the pigment he regarded as fucoxanthin B may also 
have been an oxidation product. Zeaxanthin, reported as a normal constituent of 
brown algae by Kylin and by Pace and as a post-mortem product by Heilbron and 
Phipers, was not detected in our experiments. 

Kylin (1939) has asserted that the violaxanthin of brown algae and of leaves 
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Figure 5. 
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is identical with Tswett’s (1906b) 0-xanthophyll, the only carotenoid observed 
above chlorophyll b when leaf pigments were adsorbed upon columns of precipitated 
chalk with carbon disulfide as wash liquid. Repetition of Tswett’s experiment 
using extracts of sunflower leaves has revealed that neoxanthin (Strain, 1938a) with 
traces of other xanthophylls forms the topmost yellow band. On columns of sugar 
with petroleum ether containing 0.5 per cent n-propanol as wash liquid, neoxanthin 
also formed the topmost band. Only after prolonged development of the chroma¬ 
togram did violaxanthin appear above the band of adsorbed chlorophyll b. Under 
these conditions traces of a flavoxanthin-like xanthophyll appeared between the 
neoxanthin and the violaxanthin. This indicates that Tswett’s ^-xanthophyll may 
have been a mixture containing principally neoxanthin. 

Xanthophylls of a dinoflagellate. Pigments extracted from the dinoflagellate 
Pcndinium cinctum and adsorbed on a column of sugar yielded the series of bands 
shown in Figure 5. The yellow band which occurred next above the chlorophyll a 
proved to be a mixture of at least two pigments which were separated from each 
other by readsorption upon a column of sugar (petroleum ether with 5 per cent 
acetone or 0.5 per cent n-propanol as wash .liquid). Diadinoxanthin, which formed 
the lower band, was spectroscopically and chromatographically identical with this 
pigment prepared from diatoms. 

Dinoxanthin, separated from the diadinoxanthin by readsorption of the mixture 
from the original column, exhibited spectral absorption properties similar to those 
of violaxanthin and of taraxantbin (Fig. 6). In spite of the similarity in their 
spectra, these three pigments are distinct substances as demonstrated by their dif¬ 
ferent adsorbabilities and their color reactions with acid. When the pigments were 
adsorped on sugar from solution in petroleum ether containing one per cent n- 
propanol, the adsorption order was: violaxanthin (topmost), dinoxanthin, and 
taraxanthin. On magnesia with petroleum ether containing 25 per cent acetone 
as solvent, the adsorption order was: dinoxanthin, violaxanthin and taraxanthin. 
Dissolved in ether and treated with concentrated hydrochloric acid, dinoxanthin and 
taraxanthin yielded only a trace of blue color in the acid layer whereas violaxanthin 
yielded a stable, deep blue color in the acid. Prior treatment of dinoxanthin with 
alcoholic potassium hydroxide did not affect its reaction with concentrated hydro¬ 
chloric acid. None of these pigments was interconvertible by the action of heat 
on its solution. 

There were indications that traces of a flavoxanthin-like xanthophyll occurred in 
admixture with the diadinoxanthin and the dinoxanthin. The quantities present 
were insufficient to permit definite identification. 

As illustrated in Figure 5, there was always a small yellow band just below the 
principal red-orange band obtained by adsorption of the pigments of the dino- 
flagellates. Readsorption of the pigment from this band on a fresh column yielded 
neodiadinoxanthin as the lower band and an isomer of dinoxanthin as the upper 
band. In Figure 6, a spectral absorption curve of this second pigment, neodino- 
xanthin, may be compared with the curve of the more stable interconvertible 
dinoxanthin. Color and solubility reactions of the two pigments were similar. 

In all the experiments, even though rapid and mild conditions of extraction and 
adsorption were employed, both neodinoxanthin and neodiadinoxanthin were ob¬ 
served in the extracts of the dinoflagellates. Because of the ease and rapidity with 
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which these two isomers are formed, it is not certain that they are normal consti¬ 
tuents of Peridinium. 

Pcridinin, obtained from the principal red-orange band (illustrated in Fig. 5), 
exhibited some noteworthy properties. So far as can be ascertained, this pigment 



Figlre 6. Characteristic spectral absorption curves of peridinin, dissolved in various sol¬ 
vents. and of dinoxanthin, violaxanthin, taraxanthin, neoxanthin, violeoxanthin, tareoxanthin, 
neodinoxanthin and neoneoxanthin dissolved in ethanol (95 per cent). 

is the one observed in several species of Peridinium by Schutt (1890), by Kylin 
(1927), and by Seybold, Egle and Hiilsbruch (1941). In solubility, peridinin re¬ 
sembled fucoxanthin, being extremely soluble in alcohols and but slightly soluble 
in petroleum ether. On sugar, it was much more adsorbed than fucoxanthin from 
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which it could be separated readily by development of the chromatogram with 
petroleum ether containing 2 or 3 per cent 72 -propanol. Peridinin was decomposed 
by alkalies, yielding paler pigments that did not give blue products when dissolved 
in ether and treated with concentrated hydrochloric acid. Peridinin itself, in con¬ 
trast to fucoxanthin, did not yield a blue color with concentrated hydrochloric acid. 
This behavior of peridinin, like that of diadinoxanthin, is an exception to the 
rule that strongly adsorbed, alcohol-soluble xanthophylls yield a blue color with 
concentrated hydrochloric acid. 

When dissolved in chloroform and treated with a solution of antimony tri¬ 
chloride in chloroform, peridinin formed a purple-orange solution that faded slowly 
to a lighter orange. Dissolved in chloroform and treated with concentrated sulfuric 
acid, peridinin caused the acid layer to turn deep blue. Crystals of peridinin, which 
formed readily when the solutions were concentrated, were turned deep blue by con¬ 
centrated sulfuric acid. 

Dissolved in methanol or in ethanol, peridinin exhibited strong absorption of 
light ranging from the violet to the yellow region of the spectrum. The spectral 
curve of alcohol and of acetone solutions showed a single broad absorption maxi¬ 
mum. On the other hand, a solution of peridinin in petroleum ether exhibited two 
pronounced absorption maxima (see Fig. 6). Addition of as little as 2.5 per cent 
ethanol to a petroleum ether solution of peridinin caused a marked broadening of 
the absorption maxima. The petroleum ether solutions were quite yellow whereas 
the alcohol solutions were distinctly orange-red. By analogy with spectra of other 
carotenoid pigments (Heilbron and Lythgoe, 1936), these spectral properties in¬ 
dicate that the peridinin molecule contains at least one carbonyl group in conjuga¬ 
tion with the polyene system. 

Solutions of peridinin in carbon disulfide were pink-orange to red-orange in 
color. The peridinin in these solutions was very strongly adsorbed on sugar yield¬ 
ing a red adsorbate. 

A dilute, yellow solution of peridinin in petroleum ether turned brick red when 
shaken with distilled water, and the pigment collected at the interface. This effect 
is similar to the color change observed when the peridinin is adsorbed on solids. 
Upon adsorption on solids or at a liquid-liquid interface, fucoxanthin also behaved 
similarly, but neoxanthin, which was more adsorbed than peridinin or fucoxanthin 
(see below), retained its characteristic yellow shade. 

Peridinin, like other more typical xanthophylls, was moderately resistant to 
oxidation by atmospheric oxygen. Solutions of this xanthophyll in ethanol or in 
petroleum ether stored in open vessels in the dark were not bleached perceptibly in 
2 or 3 months. In diffuse light from north windows, the solutions became colorless 
in a few weeks. In direct sunlight the solutions were decolorized in a few days. 

When solutions of peridinin in 72 -propanol were heated on a boiling water bath, 
the pigment was isomerized rapidly. Products obtained by heating the solution for 
2 hours were transferred to petroleum ether and adsorbed on a column of sugar 
using petroleum ether with 3 per cent 72 -propanol for development of the chromato¬ 
gram. This resulted in the separation of a pale, diffuse red-orange band containing 
neoperidimn above the band containing the unchanged peridinin. Faint traces of 
other red-orange bands were adsorbed above the neoperidinin and very small quanti¬ 
ties of still another pigment were adsorbed below the peridinin. In ethanol, all 
these pigments exhibited spectral absorption curves similar to that of peridinin but 
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their absorption maxima occurred at shorter wave-lengths. Traces of all these 
pigments were often observed when extracts of Peridinium were adsorbed upon 
columns of powdered sugar. 

The carotene mixture extracted from Peridinium cinctum was composed almost 
entirely of /2-carotene. The quantity of carotene present in the fresh centrifuged 
cells was greater than that obtained from the diatoms. 

Xanthophylls of an alga from a sea-anemone. Algae squeezed from the ten¬ 
tacles of the sea-anemone, Bnnodactis xanthogrammica, yielded the same series of 
pigments obtained from the dinoflagellates and tabulated in Figure 5. These pig¬ 
ments are constituents of the alga, not of the anemone. 

Color reactions already described for peridinin from Peridinium were identical 
with those described for sulcatoxanthin from the sea-anemone Anemonia sulcata 
(Heilbron, Jackson and Jones, 1935). The absorption curve of peridinin dissolved 
in carbon disulfide exhibited two well-defined absorption maxima at 483 and 516 
m fx, in good agreement with the values of 482 and 516 m/x reported for sulcatoxan¬ 
thin. On the basis of available evidence, it appears that sulcatoxanthin is none 
other than the xanthophyll peridinin. As we have not been able to obtain the 
anemone Anemonia suleata for analysis of its pigments, it is impossible to say 
whether the peridinin originates in the tissue of that animal or in the cells of the 
algae that are known to inhabit it (Fulton, 1922). 

The identity of the pigments obtained from the symbiotic alga of Bunodactis 
and from the dinoflagellate suggests that both organisms may belong to the same 
or to related plant groups. From a microscopical examination of the symbiotic 
alga, Dr. H. W. Graham of Mills College concluded that this organism is not a 
dinoflagellate. It has been suggested that “zooxanthellae,” the symbiotic algae of 
many sea anemones, may belong to another class of organisms, the cryptomonads 
(Fulton, 1922). If this is true, the autotrophic, free-living cryptomonads may also 
contain the same pigments found in the dinoflagellates. 

Pigments of a yelloiv-green alga. The xanthophylls of Tribonema bomby- 
einum proved to be different from those of all the other algae that we have in¬ 
vestigated. Neither lutein nor any other common xanthophyll was observed. The 
several xanthophylls that were present formed pale yellow bands on the sugar 
columns, but these pigments have not been definitely identified. The carotene con¬ 
sisted almost entirely of the beta isomer. Tribonema did not contain chlorophylls 
b, c, or d. 

Xanthophylls of dandelion floivers. For comparison with dinoxanthin, taraxan- 
thin was prepared from flowers of the dandelion Taraxacum officinalis (Kuhn and 
Lederer, 1931). To this end, about 10 gms. of fresh dandelion flowers from which 
the stems and sepals had been cut were extracted with absolute ethanol; the extract 
was treated with an excess of potassium hydroxide; and after completion of the 
saponification, the xanthophylls were transferred to petroleum ether and adsorbed 
upon a column (3.7 by 22 cm.) of magnesia and siliceous earth (1:1). The 
chromatogram was then developed with petroleum ether containing 25 per cent 
acetone. Taraxanthin proved to be the principal, least adsorbed xanthophyll. 
After purification by readsorption it yielded the spectral absorption values shown in 
Figure 6. 

Above the taraxanthin there were two or three adjoining bands one of which 
contained lutein. Above this group of bands, there appeared a yellow band which 
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yielded a hitherto undescribed pigment. This new xanthophyll, for which we pro¬ 
pose the name tareoxanthin, exhibited a spectral curve almost identical in shape 
with that of neoxanthin from leaves (see Fig. 6) (Strain, 1938a). 

Just above the band containing the tareoxanthin on the column with the ad¬ 
sorbed dandelion pigments there appeared a lemon yellow band. Xanthophyll 
eluted from this band exhibited a spectral absorption curve almost identical with 
that reported from flavoxanthin in ethanol (Strain, 1938a). Unlike flavoxanthin 
from other sources (Strain, 1938a; Kuhn and Brockmann, 1932), this xanthophyll 
from dandelions did not yield a blue product when dissolved in ether and treated 
with concentrated hydrochloric acid. This fact suggests that the “flavoxanthin” 
isolated from dandelion flowers by Karrer and Rutschmann (1942a) may not have 
been identical with flavoxanthin from other plants. 

The mixture of dandelion xanthophylls was also resolvable by adsorption upon 
columns of sugar when petroleum ether containing one per cent n-propanol was 
used as solvent. Under these conditions the taraxanthin was adsorbed above the 
lutein. 

Xanthophylls of pansy flowers. Violaxanthin, for comparison with the xan¬ 
thophylls of algae, was prepared from the yellow flowers of Viola tricolor (Kuhn 
and Winterstein, 1931). Xanthophyll esters in the extracts of the flowers were 
saponified, and the free xanthophylls were crystallized from petroleum ether and 
aqueous alcohol. After recrystallization from petroleum ether and aqueous alcohol, 
the violaxanthin was purified further by adsorption on columns of magnesia and of 
sugar. 

When the xanthophylls in the mother liquors from the violaxanthin preparation 
were adsorbed on magnesia or on sugar, relatively large quantities of a strongly 
adsorbed xanthophyll were observed (Karrer and Rutschmann, 1942b). This pig¬ 
ment, for which the name violeoxanthin is proposed, exhibited a spectral absorption 
curve almost identical with those of neoxanthin and of tareoxanthin (Fig. 6). 

In spite of the similarity between the spectral absorption curves of neoxanthin, 
tareoxanthin, and violeoxanthin, these three pigments were readily separable by 
adsorption. Upon columns of magnesia with petroleum ether containing 25 per 
cent acetone as solvent or upon columns of sugar with petroleum ether containing 
one per cent n-propanol as solvent, neoxanthin formed the uppermost band, vio¬ 
leoxanthin the middle band, and tareoxanthin the lowest band. Dissolved in ether 
and treated with concentrated hydrochloric acid, violeoxanthin yielded an intensely 
blue, acid-soluble product whereas neoxanthin yielded no color, and the tareoxan¬ 
thin yielded only traces of blue in the acid. 

Violaxanthin from leaves. Violaxanthin was rapidly preparable from leaves 
by adsorption of a petroleum ether solution of the extracted pigments upon a 
column of magnesia and siliceous earth followed by development of the chromato¬ 
gram with petroleum ether containing 25 per cent anhydrous acetone. Under these 
conditions, the violaxanthin was adsorbed far below the chlorophylls and below 
lutein. As a consequence it was not contaminated with other leaf pigments and was 
nearly spectroscopically homogeneous after a single adsorption. 

Neoxanthin from leaves. When the pigments extracted from leaves were dis¬ 
solved in petroleum ether and adsorbed upon a column of heat-treated siliceous 
earth (Filter Aid 501), the chlorophylls and xanthophylls were more adsorbed than 
upon a column of sugar. As the adsorbed pigments were washed with petroleum 
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ether containing 0.5 per cent n-propanol, neoxanthin formed the uppermost yellow 
band. Owing to the high filtration rate of the columns, considerable neoxanthin 
could be separated in a few minutes. Purified by readsorption upon fresh columns, 
the neoxanthin exhibited a spectral absorption curve identical with that of material 
prepared by adsorption upon magnesia from solution in dichloroethane (Strain, 
1938a). It did not exhibit a blue color when dissolved in ethyl ether and treated 
with concentrated hydrochloric acid. 

Dissolved in ^-propanol and heated on a boiling water bath for several hours, 
neoxanthin was converted into two isomers that were more adsorbed than the un¬ 
changed neoxanthin. The most adsorbed isomer, neoneoxanthin A, exhibited 
spectral absorption maxima at wave-lengths almost identical with those reported 
for the absorption maxima of flavoxanthin, but its absorption maxima were not so 
pronounced (Fig. 6). These isomerization experiments indicate that neoxanthin 
contains the stable form of the chromophoric polyene group. 

Both violaxanthin and neoxanthin were obtained from leaves that had been ex¬ 
tracted at room temperature, from those that had been killed by boiling and from 
those that had been extracted with alcohol containing much dimethylaniline. These 
xanthophylls were also obtained when the leaf extracts were adsorbed directly on 
magnesia, on sugar or on siliceous earth or when they were adsorbed after treatment 
with alcoholic potassium hydroxide. They were not formed from lutein when this 
xanthophyll was exposed to the conditions utilized for the extraction and separa¬ 
tion of the leaf pigments. These observations provide further indication that 
neoxanthin and violaxanthin are normal constituents of green leaves. 

Relative adsorbabilities of xanthophylls. In addition to those reversals in the 
relative positions of adsorbed xanthophylls already reported, dinoxanthin was found 
to be adsorbed above diadinoxanthin in columns of sugar (solvents: petroleum ether 
containing 0.5 per cent »-propanol, 5 per cent acetone or 8 per cent methylisobutyl- 
ketone). But, on magnesia with acetone or methylisobutylketone as solvents, dino¬ 
xanthin was adsorbed below diadinoxanthin. 

A mixture of lutein and zeaxanthin was not readily separable on a column of 
sugar when petroleum ether with 5 per cent acetone was used as solvent. Ad¬ 
sorbed upon magnesia from solution in petroleum ether containing 25 per cent 
acetone, zeaxanthin was adsorbed far above lutein. 


Table I 

Relative positions of xanthophylls on columns of magnesia and of sugar with various solvents 


Magnesia 

Magnesia 

Sugar 

Sugar 

Solvent . 

Dichloro¬ 

ethane 

Petroleum 
ether + 

25% acetone 

Petroleum 
ether -f- 
25% acetone 

Petroleum 

ether 

1% n-propanol 

Xanthophylls. . . 

Neoxanthin 

Violaxanthin 

Zeaxanthin 

Lutein 

/ Neoxanthin * 

\ Zeaxanthin 
Lutein 
Violaxanthin 

Neoxanthin 
Violaxanthin 
f Zeaxanthin * 

I Lutein 

Neoxanthin 
Violaxanthin 
/Zeaxanthin * 

\ Lutein 


* Brackets indicate pigments that did not separate into bands. 
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Relative positions of the xanthophylls in the columns have been found to vary 
with changes in either the solvent or the adsorbent. This is illustrated by the 
results summarized in Table I. 

Because knowledge of the relative positions of known xanthophylls in the ad¬ 
sorption columns aids in the preparation and identification of these pigments from 
various sources, the adsorption orders of many of the xanthophylls described in this 
paper are listed in Table II. For these comparisons, mixtures of two or three of 


Table II 

Relative positions of xanthophylls on columns of magnesia and of sugar 



Magnesia 

Sugar 

Solvent. 

Petroleum ether + 

Petroleum ether + 


25% Acetone 

0.5-1% w-propanol 

Xanthophylls . 

Neoneoxanthin A 

Neoxanthin 


Neoneoxanthin B 

Peridinin 


/Neoxanthin * 

Neofucoxanthin A 


[Zeaxanthin 

Neofucoxanthin B 


Fucoxanthin 

Violeoxanthin 


Peridinin 

Violaxanthin 


fVioleoxanthin * 

Fucoxanthin 


\ Lutein 

Tareoxanthin 


Dinoxanthin 

Taraxanthin 


fTareoxanthin * 

/Zeaxanthin * 


\ Violaxanthin 

[Lutein 


Taraxanthin 

Cryptoxanthin 


Cryptoxanthin 



* Brackets indicate pigments that did not separate into discrete bands. 


the xanthophylls, dissolved in petroleum ether, were adsorbed, and the chromato¬ 
grams were then developed with petroleum ether containing the polar solvent. 

Changes in the relative adsorbabilities of the xanthophylls with variations of the 
solvent are apparently related to the solubilities of the pigments as well as to effects 
of the solvents upon the chromophoric groups (see Fig. 6). For example, peridinin 
and fucoxanthin, which are adsorbed below zeaxanthin when acetone is used as 
solvent, are more soluble in this ketone than is zeaxanthin. 

Discussion 

Algal pigments. A number of new xanthophylls have been isolated from the 
algae investigated. Additional pigments might be obtained by the use of larger 
quantities of plant material followed by readsorption of the minor bands on smaller 
columns. Utilization of additional refinements in technique may result in further 
resolution of the pigments described in this paper, especially the isomerization 
products of the stable xanthophylls. However, it seems improbable that such pig¬ 
ments would represent a considerable proportion of the total xanthophylls. 

The relatively great adsorbability of the algal xanthophylls indicates that these 
hydroxy compounds do not occur in the form of esters. In this respect, xantho¬ 
phylls of algae resemble those of the chloroplasts of higher plants (Strain, 1938a). 
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Occurrence of the unesterified xanthophylls in the photosynthetic apparatus con¬ 
trasts with the occurrence of esterified xanthophylls in the yellow chromoplasts of 
fruits and flowers. 

Among the algae, the xanthophylls have been found to vary in three ways. In 
a given species, the proportions of the several pigments may alter in response to 
changes in the environment. In different plant classes, the xanthophylls differ in 
kind as well as in quantity. In some plant groups spatially unstable xanthophylls 
occur along with the stable or trans xanthophylls. 

Of all the pigments now considered to comprise a part of the photosynthetic 
apparatus of autotrophic plants, the xanthophylls vary most. Except for a few 
specialized, pigmented bacteria, autotrophic plants contain chlorophyll a and (3~ 
carotene as the principal representatives of these two ubiquitous types of plant 
pigments. By contrast, several groups, such as the diatoms, dinoflagellates, yellow- 
green algae and higher plants, do not contain a single xanthophyll in common 
(Strain and Manning, 1943b). 

Because of the abundance and wide distribution of diatoms and dinoflagellates, 
the principal xanthophylls of these organisms, fucoxanthin and peridinin, must 
comprise a major portion of the total amount of xanthophylls occurring in the 
world’s vegetation. In the dinoflagellate, the proportion of peridinin relative to the 
two chlorophylls was quite large. On account of the strong absorption of light 
by peridinin in the spectral region where absorption by the chlorophylls is weak, 
studies of the photosynthetic activity of dinoflagellates in light of various wave¬ 
lengths might yield information regarding the role of this unique xanthophyll in 
photosynthesis. 

Interpretation of the photochemical activity of the individual leaf pigments 
depends upon knowledge of the physical state and spectral properties of the several 
pigments in the leaf itself. Spectral properties of the pigments determined in any 
one solvent or in colloidal suspension may not yield results precisely applicable to 
calculation of the absorption by each pigment in the living organism. 

The variation in pigments between members of different algal classes, together 
with the constancy of the pigments in different members of a single class, provides 
a promising approach to the problem of phylogenetic relationship between the 
various classes of algae. For example, brown algae contain at least one xantho¬ 
phyll, violaxanthin, common to the higher green plants, whereas diatoms and dino¬ 
flagellates contain none. Tribonema, sometimes considered closely related to the 
diatoms, contains none of the principal diatom xanthophylls, nor chlorophyll c. 
None of the algae investigated contain lutein, the common- xanthophyll of green 
algae and of higher plants. These and other phylogenetic aspects of our observa¬ 
tions on the chloroplast pigments of plants will be discussed elsewhere. 

Adsorption phenomena. Reversal of the relative positions of adsorbed sub¬ 
stances with changes in solvents and adsorbents indicates disproportionate varia¬ 
tions in the adsorbability. It follows that the relative adsorbability of chemical 
substances is not determined by chemical structure alone; hence, great care must be 
exercised if deductions of molecular structure are to be based upon relative ad¬ 
sorbability (Strain, 1942a; 1942b). 

Variations of the relative adsorbabilities of chemical compounds with changes in 
adsorbents and solvent’s suggest precautions to be employed in the use of the 
chromatographic adsorption method. For instance, if one solvent causes a given 
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pair of substances to be adsorbed in one sequence and if another solvent causes the 
same substances to be adsorbed in the inverse order, then there should be at least 
one mixture of the two solvents that will not effect a separation of the pair of ad¬ 
sorbed substances. Tests of the selectivity of a given adsorbent for separation of 
a mixture of given compounds can not, therefore, be regarded as conclusive unless 
different solvents and various mixtures of these solvents are used to develop the 
chromatograms. Determination of the homogeneity of chemical substances and the 
comparison of substances suspected of being identical through use of chromato¬ 
graphic adsorption methods (Strain, 1942b) will be most effective when various 
adsorbents and solvents are employed. Reversal of relative adsorbability with 
changes in the solvents suggests that the selectivity of the adsorbent may be just as 
dependent upon the nature of the solvents employed as upon the inherent proper¬ 
ties of the adsorbent itself. Unless special precautions are taken, these changes in 
relative adsorbability increase the chances for confusion and error when substances 
are identified by tbe so-called mixed chromatogram (Strain, 1942b). 

Most of the plant pigments that have been separated upon adsorption columns 
have yielded bands or zones with the highest concentration of pigment in the lead¬ 
ing portions and with diminishing concentrations in the trailing portions (Strain, 
1942a). The inverse behavior of adsorbed diadinoxanthin is difficult to interpret 
in relation to the theories regarding the distribution of an adsorbed pigment upon 
the columns (Strain, 1942a; DeVauIt, 1943). 

The great color change observed upon adsorption of fucoxanthin and peridinin, 
in contrast to the slight change observed upon adsorption of neoxanthin, may result 
from interaction between the adsorbent and the pigments rather than from in¬ 
creased concentration of the xanthophylls at the interface. This effect may be 
analogous to that produced by addition of polar solvents to solutions of peridinin 
in nonpolar solvents (Figs. 3 and 6). It emphasizes the desirability of additional 
knowledge concerning the state of the pigments within the leaf, especially for inter¬ 
pretation of the photosynthetic reactions in various spectral regions (Dutton and 
Manning, 1941) and for interpretation of color changes that occur when algae are 
killed. The strong adsorption of some of the xanthophylls at the interface be¬ 
tween water and petroleum ether may be utilized for separation of these pigments 
from other less adsorped constituents in the extracts of plants (Strain, 1943). 

Summary 

Carotenoid pigments of several groups of algae have been obtained through 
utilization of the chromatographic adsorption method. The selectivity of this 
method and the relative positions of the pigments in the columns have been found 
to vary with the solvents and adsorbents that were employed. 

Xanthophylls of algae represent a large proportion of the carotenoid pigments 
produced in the world’s vegetation. Most of the algal xanthophylls were readily 
convertible, reversibly, into one or more isomers that were separated on the adsorp¬ 
tion columns. The principal xanthophylls were the more stable, presumably trans, 
isomers. Some of the labile isomers also appeared to be normal constituents of 
the cells. All the algal xanthophylls were unesterified. 

The following xanthophylls have been obtained from each of six species of 
diatoms: diatoxanthin, diadinoxanthin (both new xanthophylls), fucoxanthin, neo- 
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fucoxanthin A, and neofucoxanthin B. From some eight species of brown algae 
there were obtained: diatoxanthin (occasionally, in traces), diadinoxanthin (occa¬ 
sionally, in traces), violaxanthin, a flavoxanthin-like xanthophyll, fucoxanthin, neo¬ 
fucoxanthin A, neofucoxanthin B and traces of other xanthophylls. The^dino- 
flagellate Pcridinium cinctum and an alga inhabiting a sea-anemone yielded the 
following xanthophylls: diadinoxanthin, dinoxanthin (a new xanthophyll), neo- 
diadinoxanthin (a new xanthophyll), neodinoxanthin (a new xanthophyll), peri- 
dinin, and two or three isomers of peridinin. A yellow-green alga, Triboncma 
bombycinum, did not contain fucoxanthin, peridinin or chlorophyll c. 

None of the algae examined contained lutein. All the algae examined con¬ 
tained /2-carotene as the principal polyene hydrocarbon. In only one species, the 
diatom Navicula torquatum, were appreciable quantities of another carotene e- 
carotene, observed. 

A new xanthophyll, tareoxanthin, was obtained from flowers of the dandelion. 
A flavoxanthin-like xanthophyll from these flowers may not be identical with 
flavoxanthin from other sources. Violeoxanthin, a new xanthophyll, was isolated 
from the flowers of the pansy. Improved methods for the isolation of neoxanthin 
and violaxanthin from leaves are described. The violaxanthin b of leaves and 
violaxanthin of pansies are chromatographically identical. 

Several groups of xanthophylls with almost identical characteristic spectral ab¬ 
sorption curves have now been found. Neoxanthin, tareoxanthin and violeoxan¬ 
thin fall into one group: violaxanthin, taraxanthin, and dinoxanthin comprise an¬ 
other group; and there are indications of several flavoxanthin-like pigments. 

The solvent has a pronounced effect on the shape of the spectral absorption 
curves of peridinin and of fucoxanthin. In addition to indicating an effect of the 
solvent on the structure of the pigment molecule, this phenomenon also emphasizes 
the importance of knowledge concerning the spectral properties of the xanthophylls 
in the living plant, especially if these spectral characteristics are to be employed in 
an analysis of the photochemical activity of the plant pigments. 

Of the pigments comprising the photosynthetic apparatus, the xanthophylls are 
subject to the greatest variation. Nearly two dozen of these pigments have been 
found in the green parts of various plants. 

All members of the Division of Plant Biology contributed invaluable discussion 
of the methods and results herein described. Dr. Gilbert M. Smith of Stanford 
University and Dr. H. W. Graham of Mills College aided in the identification of 
the algae. 


LITERATURE CITED 

Carter, P. W., I. M. Heilbron, and B. Lythgoe, 1939. The lipochromes and sterols of the 
algal classes. Proc. Roy. Soc., Series B, 128 : 82-109. 

DeVault, D., 1943. The theory of chromatography. Jour. Amer. Chem. Soc., 65: 532-540. 

Dutton, H. J., and \V. M. Manning, 1941. Evidence for carotenoid-sensitized photosynthesis 
in the diatom Nitzschia closterium. Amer. Jour. Bot., 28: 516-526. 

Fulton, J. F., Jr., 1922. Animal chlorophyll: its relation to haemoglobin and to other animal 
pigments. Quart. Jour. Micr. Sci., 66: 339-396. 

Handke, H. H., 1941. Hydrographische und biochemische Untersuchungen iiber die Plankton- 
Produktionskraft des siissen Sees bei Halle. Bot. Arch., 42: 149-200. 

Heilbron, I. M., 1942. Some aspects of algal chemistry. Nature, 149: 398-400; Jour. Chem. 
Soc., 79-89. 


190 


STRAIN, MANNING AND HARDIN 


Heilbron, I. M., H. Jackson, and R. N. Jones, 1935. The lipochromes of sea anemones. 
I. Carotenoid pigments of Actinia equina, Anemonia sulcata, Actinoloba dianthus and 
Tealia felina. Biochem. Jour., 29 : 1384-1397. 

Heilbron, I. M., and B. Lythgoe, 1936. The chemistry of the algae. The carotenoid pig¬ 
ments of Oscillatoria rubrescens. Jour. Chem. Soc., 1376-1380. 

Heilbron, I. M., E. G. Parry, and R. F. Phipers, 1935. The relationship between certain 
algal constituents. Biochem. Jour., 29: 1376-1381. 

Heilbron, I. M., and R. F. Phipers, 1935. The lipochromes of Fucus vesiculosus. Biochem. 
Jour., 29: 1369-1375. 

Karrer, P., and J. Rutschmann, 1942a. Uber die Phytoxanthine der Lowenzahnbliiten, 
Flavoxanthin. Helv. chim. Acta, 25: 1144-1149. 

Karrer, P., and J. Rutschmann, 1942b. Auroxanthin, ein kurzwellig absorbierender Caro- 
tinfarbstoff. Helv. chim. Acta, 25: 1624-1627. 

Kuhn, R., and H. Brockmann, 1932. Flavoxanthin. Zcit. physiol. Chem., 213: 192-198. 

Kuhn, R., and E. Lederer, 1931. Taraxanthin, ein neues Xanthophyll mit 4 Sauerstoffatomen. 
Zcit. physiol. Chem., 200: 108-114. 

Kuhn, R., and A. Winterstein, 1931. Viola-xanthin, das Xanthophyll des gelben Stiefmut- 
terchens (Viola tricolor). Ber. chem. Ges., 64: 326-332. 

Kylin, H., 1927. liber die karotinoiden Farbstoffe der Algen. Zeit. physiol. Chem., 166: 
39-77. 

Kylin, H., 1939. Bemerkungen fiber die carotinoiden Farbstoffe der Algen. Kgl. Fysiograf. 
Sallskap. Lund, Fork., 9: 213-231. 

LeRosen, A. L., 1942. A method for standardization of chromatographic analysis. Jour. 
Amer. Chem. Soc., 64: 1905-1907. 

Montfort, C., 1940. Die Photosynthese brauner Zellen im Zusammenwirken von Chlorophyll 
und Carotinoiden. Zeit. physik. Chem., A 186: 57-93. 

Pace, N., 1941. Pigments of the marine diatom Nitzschia closterium. Jour. Biol. Chem., 140: 
483-489. 

Palmer, L. S., 1922. Carotinoids and related pigments. Chemical Catalog Co., Inc., New 
York. 

Polgar, A., and L. Zechmeister, 1942. Isomerization of /3-carotene. Isolation of an isomer 
with increased adsorption affinity. Jour. Amer. Chem. Soc., 64: 1856-1861. 

Schutt, F., 1890. Ueber Peridineenfarbstoffe. Ber. bot. Ges., 8: 9-32. 

Seybold, A., and K. Egle, 1938. Quantitative Untersuchungen iiber Chlorophyll und Caro- 
tinoide der Meeresalgen. Jahrb. wissensch. Bot., 86: 50-80. 

Seybold, A., K. Egle, and W. Hulsbruch, 1941. Chlorophyll- und Carotinoidbestimmungen 
von Siisswasseralgen. Bot. Arch., 42: 239-253. 

Smith, J. H. C., 1936. A comparison of absorption spectra measurements on a-carotene, 
/3-carotene and lycopene. Jour. Amer. Chem. Soc.. 58: 247-255. 

Strain, H. H., 1938a. Leaf xanthophylls. Carndgic Inst, of Washington, Publ. No. 490. 

Strain, H. H., 1938b. Eschscholtzxanthin: a new xanthophyll from the petals of the Cali¬ 
fornia poppy, Eschscholtzia californica. Jour. Biol. Chem., 123: 425-437. 

Strain, H. H., 1941. Isomerization of polyene acids and carotenoids. Preparation of /3- 
eleostearic and /3-licanic acids. Jour. Amer. Chem. Soc., 63: 3448-3452. 

Strain, H. H., 1942a. Problems in chromatography and in colloid chemistry illustrated by 
leaf pigments. Jour, Phys. Chem., 46: 1151-1161. 

Strain, H. H., 1942b. Chromatographic adsorption analysis. Interscience Publishers, Inc., 
New York. 

Strain, H. H., 1943. Improved methods of pigment analysis. Carnegie Inst, of Washington, 
Year Book, 42 : 89-90. 

Strain, H. H., and W. M. Manning, 1942a. Chlorofucine (chlorophyll 7), a green pigment 
of diatoms and brown algae. Jour. Biol. Chem., 144: 625-636. 

Strain, H. H., and W. M. Manning, 1942b. The occurrence and interconversion of various 
fucoxanthins. Jour. Amer. Chem. Soc., 64: 1235. 

Strain, H. H., and W. M. Manning, 1943a. A unique polyene pigment of the marine 
diatom Nitzschia closterium. Jour. Amer. Chem. Soc., 65: 2258-2259. 

Strain, H. H., and W. M. Manning, 1943b. Pigments of algae. Carnegie Inst, of Wash¬ 
ington, Year Book, 42 : 79-83. 


XANTHOPHYLLS AND CAROTENES OF ALGAE 


191 


Strain, H. H., W. M. Manning, and G. Hardin. 1943. Chlorophyll c (chlorofucine) of 
diatoms and dinoflagellates. Jour. Biol. Client., 148: 655-668. 

Tswett, M m 1906a. Zur Kenntnis der Phaeophyceenfarbstoffe. Bcr. hot. Gcs., 24; 235-244. 
Tswett, M., 1906b. Adsorptionsanalyse und chromatographische Methode. Anvvendung auf 
die Chemie des Chlorophylls. Bcr. hot. Gcs., 24: 384-393. 

Walker, O., 1935. I. Uberblick iiber die Chemie der Carotinoide und ihre verbreitung in der 
Natur. II. Untersuchungen fiber carotinoide. Inaugural-dissertation. Zurich. 
Willstatter, R.. and H. J. Page, 1914. Uber die Pigmente der Braunalgen. Ann. Chcm., 
404 : 237-271. 


